Purpose: To determine the clinical characteristics and outcome of bacterial meningitis in adult patients using CT, MRI and CSF culture. Methods: Patients admitted to the university hospital with clinical diagnosis of meningitis were included in the present study. All patients were subjected to clinical examination as well as CT, MRI scanning and CSF-bacteriological culture. Results: The age distribution of the patients shows that there is high frequency of symptoms found in the age group between ages 40 -45. CSF in the present study included WBS, RBC, glucose and protein, which is associated with the adverse outcome. Meningitis can be confirmed by many methods, in the present study three different methods were used, which included CT scan, MRI and CSF analysis and bacterial culture. In CT scan, among the predictors of meningitis, persons with TB (P = 0.037), patients with HIV (P = 0.036) and stroke (P = 0.036) showed significant association. Whereas MRI findings were significantly associated with TB meningitis (P = 0.015). Meningitis was prevalent in the age group of <45. Conclusion: This study highlights the importance of several modalities for diagnosing and predicting the outcome of meningitis in adults.
Introduction
Meningitis, is the most common infection associated with mortality and morbidity worldwide, thus posing serious public health burden demanding early diagnosis and treatment [1] . Despite advancements in antimicrobial therapy, the prevalence of mortality remains high, especially in developing countries [2] among adults [3] . The causative microorganisms for acute bacterial meningitis are Hemophilius influenza while in some countries, Streptococcus pneumonia [4] [5] . In adults, Hemophilius influenza type-b has been recognized as a pathogen, particularly those with underlying illness [6] - [8] or due to failure of natural acquisition of immunity to infection or weaning immunity with aging [9] . In determining the outcome of this infection, the type of organisms, age, early treatment and the duration of disease were found to be important factors [7] [8] .
In Kingdom of Saudi Arabia (KSA), the majority of the previous studies on bacterial meningitis were carried out in Children [10] - [12] and only few case reports and one in Yemen [2] . For instance, a case report by Babay et al. [13] reported an association of bacterial meningitis with the previous nasal polypectomy and CSF leak [6] [8] [14] and clinical features of meningitis in adults are similar to those in children [6] [8] [15] . Abdulrab et al., [2] in their retrospective study among 121 adults with acute bacterial meningitis reported the common pathogen was Streptococcus pneumonia, and the mortality rate was 22.3%. Impaired consciousness, recurrent convulsion and chest infection are the most common complications. In general, bacterial meningitis is clinically characterized by fever, headache, malaise, photophobia, rarely confusion, alteration of consciousness stiff neck, irritability, vomiting, acute psychosis and seizures [16] . Further, approximately 10% -15% of the patients' with local neurologic signs were observed. Given the severe nature of these diseases, the diagnosis of bacterial meningitis must be differentiated from other conditions that may be present in similar ways. Based on various identifications, diagnosis has been done by using latex particle agglutination test for antigen detection, microscopy of a gram stained smear, the bacterial pathogen in the cerebrospinal fluid (CSF), and or (b) a low CSF glucose concentration (usually a ratio of CSF: blood glucose of less than 0.3), elevated total protein content (>120 mg/dl) and elevated CSF cell count of more than 1000 white blood cells/µl and CSF consisting of more than 60% of polymorph nuclear leukocytes. In this condition, several abnormalities in patients are identified by using cranial CT (or MRI) where cerebrovascular involvement may be detected by MRI [16] .
To our knowledge, there are few studies on acute meningitis among adults in Saudi Arabia Context. Therefore, the present research attempted to examine the outcome and clinical characteristics among adult patients in Saudi Arabia.
Materials and Methods
In a retrospective study, of 60 patients (age ranged from >15 to 45 years) with clinical symptoms of meningitis admitted in the hospital were included in the study. A special information sheet was designed which included the patient's age, sex, illness duration, clinical signs and symptoms.
Diagnostic inclusion criteria were clinical symptoms and signs of meningitis (e.g., nausea, vomiting, drowsiness, Confusion and disorientation, fever, photophobia, severe headache, neck stiffness, poor appetite, severe irritability [17] , plus either a negative culture with a positive CSF or a positive culture from CSF antigen study or blood culture positive with CSF WBC of >100/mm 3 , in the absence of bacterial isolate, CSF WBC of > 4000/mm 3 or Gram stain in conjunction with a CSF leukocyte concentration (WB) of >10/mm 3 [18] . The information was gathered from clinical presentation, medications taken, duration of illness and demographic features.
Bacterial cultures were performed on Mac Conkey agar medium; the chocolate agar and blood chocolate agar plates were incubated in candle jars at 37˚C aerobically. The readings were measured after 48 hours and isolates were identified using standard procedures. The laboratory findings which include the analysis of the Cerebrospinal fluid (CSF) such as leucocytes count, glucose, protein level and gram staining and organism culture were analyzed. The course of the disease, complication and its outcomes were assessed. Suspected cases of meningitis were defined as the patients with clinical symptoms of meningitis. For example, fever, headache, neck stiffness, vomiting and change in mental status. A probable case of bacterial meningitis was with turbid CSF [19] .
Statistical Analysis
Outcomes are introduced as mean (±SD), and categorical variables are reported in frequencies. By using IBM Corp. Released 2011, Statistical analysis was conducted.IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp. CT, CFS and MRI findings were computed and compared. Independent sample t-test with 95% confidence interval was utilized as suitable. P < 0.05 was considered significant.
Results
Present study includes 60 patients admitted for the symptoms of meningitis. The age distribution of the patients showed high frequency of symptoms of infection in the age group ≥ 45 (30.0) (Figure 1) . The symptoms like Fever, Headache, vomiting, altered mental status, neck rigidity, photophobia, dizziness were encounter in the patients admitted for the diagnostics of meningitis. Among these symptoms majority of the patients had symptom of fever (80.0%), followed with altered mental status (70.0%) ( Table 1) .
Among 60 patients who were suspected with the symptoms of meningitis, majority were females (71.7%), belonged to non-Saudi (73.3%). Patients were admitted with the persistent symptoms like fever (80.0%) followed by altered level of consciousness (70.0%), headache (48.3%), neck rigidity (41.7%), fits (31.7%), vomiting (20.0%), Photophobia (10.0%) and dizziness (5.0%) observed from (Figure 2) .
Among the laboratory characteristics of the meningitis infected patients the mean levels of CSF-WBC, CSF-RBC, CSF-Glucose and CSF-Protein were 3.41 ± 2.16 3.95 ± 2.49, 3.91 ± 2.60 and 1.30 ± 1.03 respectively ( Table 2) .
CSF-WBC-Cerebrospinal fluid white blood cell, CSF-RBC-Cerebrospinal red blood cells, CSF GLUCerebrospinal glucose, CSF PROT-Cerebrospinal protein.
There are many treatments associated with meningitis, in the present study during admission 53 (88.3%) patients with ceftriaxone followed by 52 (86.7%) patients with vancomycin, 35 (58.3%) patients with Acyclovir on admission, 13 (21.7%) patients with change of antibiotics after 24 hours and 8 patients (13.3%) with TB on admission were observed from ( Table 3) .
There are many complications associated with meningitis, in the present study 5 (8.3%) patients with stroke followed by 2 (3.3%) patients with Cranial nerve palsy, and 2 (3.3%) patients with hydrocephalous were observed ( Table 4) . Table 5 presents the unadjusted odds ratios for selected risk factors associated with meningitis by Brain CT findings among participants. The P value for the symptoms of bacterial meningitis showed greater than 0.05 with Brain CT findings, thus there is no significant association between CT findings of meningitis and symptoms. Table 6 shows the unadjusted odds ratios for selected risk factors associated with meningitis by CSF-Culture findings among participants. Since P > 0.05 for all the symptoms with CSF-Culture findings, there is no significant association between CSF-Culture findings and symptoms. Table 7 shows the unadjusted odds ratios for selected risk factors associated with meningitis by MRI findings among participants. For all the symptoms P value is greater than 0.05 with MRI findings of meningitis. Hence, there is no significant association between MRI findings of meningitis and symptoms. Table 7 . Binary logistic regression for predicting meningitis disease by MRI. 
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Discussion
Bacterial meningitis was the major cause of meningitis in around two third of cases [20] . The substantial mortality due to meningitis remains as a major medical concern throughout the world. Bacterial meningitis is the major cause of morbidity in children below the age of 5 years [21] . The present study showed that the frequency of meningitis is more prevalent in age group of ≥45 (30.0) which may be due to other socioeconomic factors. Previous studies show that meningitis is indirectly related to family income [22] . In relation to gender based prevalence, females were found to be more vulnerable than males, this finding is contradictory with the previous studies, where both gender are equally affected with meningitis [8] [10] . This may be due to the difference in the exposure to the etiological agents.
In the present study the findings of clinical symptoms of the meningitis patients showed that 80% of the patients were with the symptoms of fever followed by altered mental status (70.0%) and Neck rigidity (41.7%). In the patients suspected with meningitis majority of them were females (71.7%). The age, duration of the disease and type of treatment were considered as the important factors in determining meningitis [23] . In Arabian countries, epidemiology and the outcome of meningitis were reported in previous studies, however few studies have been published [24] [25] . Among the laboratory characteristics of meningitis the CSF-RBC showed higher mean when compared to that of WBC, GLU and PROT. Perhaps the low CSF leucocytes counts were associated with the development of meningitis. Thus due to the lack of leucocytes other infectious diseases might occur [26] [27] .
Meningitis is associated with other complications; patients might take antibiotics for those complications, which eventually aggravate the intensity of meningitis. In the present study, during admission of patients with meningitis, there are patients who were already under the treatment with some antibiotics like anti TB, Ceftriaxone, Vancomicin, Acylovir and some patient's required change of antibiotics after 24 hours. The majority of patients were taking ceftriaxone on admission (88.3%), where the ceftriaxone is the most frequently recommended for bacterial meningitis [28] . Some patients developed complications like Stroke (8.3%), Cranial nerve palsy (3.3%) and Hydrocephalus (3.3%). Bacterial meningitis is the leading cause of stroke in young patients [29] .
Meningitis can be confirmed through many methods, in the present study three different methods were used, which included CT scan, MRI and CFC-Culture. CT scan may be used to find swelling and inflammation in meningitis whereas MRI detects other complications like effusion, venous thrombosis, ventriculitis and hydrocephalus. However, CT detects inflammation in skull or sinuses. MRI is more sensitive, in diagnosing meningitis when compared to CT. Thus, MRI is most preferable in terms of sensitivity. Previous studies revealed that in CT scan, the abnormality appearance was detected as 53%, whereas in MRI it is 92% sensitivity, usually CT cannot able to detect small abnormalities in size [30] .
In the present study the findings from CT, MRI and CFC showed that there are no significant association statistically between the risk factors of bacterial meningitis and the mode of detection. Whereas all the patients diagnosed showed the symptoms like Head ache, vomiting, neck rigidity, Dizziness, Photophobia, fits, altered level of consciousness and fever with varied percentage.
Among the clinical manifestation of meningitis headache, fever and neck stiffness were common in all patients diagnosed with meningitis Perhaps the percentage of the symptoms differ between the mode (CT, MRI, CFC-Culture) of detecting the disease, due to patient selection. The findings of the present study are in line with the study conducted by [31] where Headache, neck rigidity and fever was documented in the patients. These symptoms might act as a signal in the diagnosis of meningitis patients [12] [32] . However, few previous studies have shown that there is a complete absence of these symptoms of meningitis in adults [32] - [34] . There is a strong association between the meningitis and the previous vaccination history and other associated complication of meningitis [19] .
Conclusion
Present study highlights the major complications of the meningitis and predictors of meningitis in Saudi Arabia. In addition, present study examined the clinical characteristics and outcome among adult patients in Saudi Arabia. Symptoms like fever, altered mental status and neck stiffness were present almost in all patients irrespective of mode of CT, MRI and CFC Culture detection. Hence, supportive care is preferred in special care units of patients with meningitis. Creating awareness and Prevention of meningitis is recommended in order to decrease the meningitis case through vaccination and immunization.
